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PROCEDE ET INSTALLATION DE FORAGE ET DE CHEMISAGE D'UN
PUITS, NOTAMMENT D'UN PUITS DE FORAGE PETROLIER, AU
MOYEN DE TRONCONS TUBULAIRES ABOUTES INITIALEMENT

SOUPLES, ET DURCIS [N SITU

Laprésentz invention concerne un procédé pour forer €3 chemiser un puits,
notamsaent un puits de forage pétrolier, 58 moyen d'un enscmble do trongonas tubulaires
-wp«m-dmnﬁmidumm.pasmuﬂmlmﬁm
sur elies-mémes pour ére Introduites dans le puits, puis & 8re déplices mdialement sous
1'effet d’une pression interoc pour preadre une forme cylindrique, &t eafin A 8ire
ﬂﬁ&fﬁum”pdynm-ﬂmhhrprd.l‘mmmwa‘m
préforms repliée éant de dimension maximale sensiblement inféricure A s0n dixmdtre
interne B 1"état d&pli€, et Jesdiles préformes possédant une portion d’cxtrémité dont le
Mm-apudeﬂimt-atl&guemmmpﬁwndnﬂd:lxpréfame.cequi
pamdhsjmﬁmbom+bmnwmwmnmlmmmmtdchdimpuﬁm
d extrémlt. _

Alnsi, en recourant & ce type de préforme, qui est connuc en 50
- notamment par le document WO-A-94/21887 - il est possible d’obteair un chemisage
&"un diambire constant sur touse ba loaguenr du puits. ,

A cet égard, il convient de rappeler qu'avec des chemisages (ou tubages)
traditioonels constitués par des tubes en acier, on est obligé d'utiliser dos trongons
tubulaires teacopiques, & diambtre décruizsant en direction du fond du puits, cc qui pose

. des probimes d"instalistion et d'exploltation ultérieare du puits.

L'objectif de I'invention est de proposer un procédd de forage ct de
chmhpdupﬁnll'ddedupﬁmﬁqpemﬁmuddmm.qﬁnﬁmm
mis ea ocuvre de manibre simple et rapide, A fajhie codu

Pour cela, et conformément A I"Inveation, on commence par metire €0
ﬂnmpwﬁumduebﬁdel'mﬁdupﬁu.hpaﬂmd’m&miﬁﬂsﬁedeu
trongon éant fottnds vers le bas.

Le procsds selon I'invention comprend les étapes suivantes :

») on [ait passer axialement, ds haut en bas, A travers ledit trongou., un
wildefalp.umrmmmumlepdwdeummmde
forms et de profondeur adaptées pour recevoir le trongon suivant ;

b) o retire I'outil de forage ;

¢} on introdvit une préforme, & 1"émt replié, A l'intériour du puits ea ta
faisant traverser b trongon déjk en place, &2 0n la positionne convenablement A |'inkdieur
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du trou, s portion d’extrémité haute venant s¢ ptacer A Vintéricur de la portion d’ex-
trémits élnrgic du trongon ;

d) on introduit un ciment fluide au fond du wou, autoar de la portion
0" extrémité basso de ba préforme ; :

¢) 00 introduit un flulde sous pression, de densité supérieure A la densié
du ciment, & l'intéricur de 1a préforme afia de la déplier radislement, progressivement de
bas e hant, ea refoulant le ciment, également do bas en baut, sutour de la préforme,
contre |a paroi du trou ; ’

f) tout en maintenant la préforme sous pression interne, o en chaufle la
purol pour Ia polymésiser ; :

£) be ciment syant peis, ct la préforme aysat durci poar constituer un
mMﬁﬁaanmmmmwuﬂm
gmﬂmulhpdym&inﬁm&hwﬂmdnﬂqu'lhtﬁﬂibuﬁmdudmt;

b) ca réitirs I'opération pour les trongoes sulvants, jusqu’a obicoit la
longuenr de puits chemisé soubsitée.

Lorsque, comme cela sera expliqué plus loi, la préforme présents des
réscrves de résine apees A migrer vers "extérieur pour former des verrous aanulsires

" détanchéiné, Je positionnement de ces vesrous est réalisé au début de 1'étape { ci-dems.

Demiuepﬁcﬁihwmmuﬁnumoﬁlhrmb
mmwlmﬁmmmeWMe.lmu
mﬂd’mmddm.ldpmmdepuu'imﬁndnw ’
Hﬁumnnmd&ud‘mhmhuﬂdhh,mbtmpbhm
pﬁndplemuwdumiﬁhaémd'emhunmmﬁu.mhfwdeh
partie du trou destinéo A recevoir la portica dargie de s préforme.

‘ - Dans un mode do réalisation préférentiel, I'outillage servant an gonflage et
At polymérisation de ta préforme, ainsi qu'd Ja distribution du ciment, comprend une 12t
ldmﬂsmveﬂmampﬁehmahpﬂmdaﬂelmaaﬂmm
ﬂuidndepnlhpIlehpﬂmdmwnﬂall‘aﬁwaM‘

L'imlmiudefumudcdwmim.q\ﬁﬁuplun:mpmadeh
pmhvmﬁmmthmhmmawmmmuﬂnwhmt
qu'elle compread, en thse de puits :

- upe bobine de stockage ¢t de réception, A 1"émi enroulé, de ladite
préforme ;

-muuan#wml'euuﬁcdapniu.mlpmkmd
l'imﬁudm.&ukgﬁu.bhyﬂmaduﬁﬂ&uuwﬂhwmmtmp
dnpdhindqu‘mgmﬂmdihpdyn&inﬁmdnhpﬂm;
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- des bobines de stockage A 1"étal enroulé di tubes métalliques élastique-
rocot défonmables aptes A faire descendre et remonter leadits outitlages dans le puits, Fua
de ces tubes contenant ua cibic servant & 1'alimentation de la préforme ca courant
dectrique;

- un génésateur de courunt Gectrique.

D'sutres caractéristiques et svantages de I'invention apparaftront de Ia
description ct des dessins anncxés qui en représentent, & simple titre d’exemples noa
timitatifs ua mode de mise en ocavre podférd, ainsi que I"installation correspondante.

Sur ces desains

- les figures | A4 soat des vues schématiques, en cospe axiale, montrant
les dilTérvatos étapes do I'opération de forage de 1a partie de puits qui doit teceveir la
prforme; - ’

- 1a figure S est une vue schématique d°une préfonne ¢t do Loutillage doot
clle est solidaire, avant miss en place, dans le puits

- les figures 6 ot 7 sont des vues partisfles de 'extrémité basss do la
préforme, destindes & illustrer le principe de la double valve dont est pourvue la tite
d’outilinge ;

- les figurea 8 b 15 illustrent les différentes éapes de mise en place d*une
preforme an bout d°un troagon 36jh en place ;

- 1a figure 16 représente schématiquement, en coupe axiale, un puits
chemisé par trois roogoes coaxiaux aboutés ;

- Ia figure 17 est une vue schématique montrant les différents metésicls
constitutifs de |"installation, situés en surface (e de puits) ;

- les figures 18230 - A échelle plus petite - iflustrent le fanctionnemnent de
1"instailation su cours des différentes étapes du chemisage.

La figure 1 représents |'extrémité basse d'un puits vertical en cours de
fmpet&chminp&pﬂb.imﬂhmﬂoﬁ.mmmchiﬂaﬁlu
ﬂumfmd'mmquﬁﬁqwﬁwzmmpaﬁmd'mmuhm
20 fargic.

Lo diamdtre D de cetto partie 20 estJgirement plus grand quo le diamiire
d dela partie principalo 2, s bien qu'il est possible d"embolter les uns dans les autres des
trongony 2, avec recouvrement des pasties d’extrémits 20,

Le trongon de chemisnge 2 est scellé dana ke puits par un ciment périphéri-
que 200.

Nous allons malntenant décrire de quelle manidse va Stre mis en place, b
I'aide du procsdé de I"invention, le trongon suivant, destiné A 8tre aboaté xu trongon 2.



10

15

2741907

4

Pour cela, commme illustré aux figures 1 A 4, on.commence par forer un

_ trou desting A recevoir ce trongon.

A cet eflet on utilise un outil de forage 1, du genre trépan, qui a la
particularits de pouvoir 8tre rétracté ou dilaé radialemeat, dans trois états d"encom-
bremest différents.

Dant un premier état, illustré A La figure 1, 1"outil est rétract au maximum
de tellc manidre quo sa plus grande dimension transverzale mxorise 30a libre passage 3
I'intéricur du troogon 2, axialesnent A travers celoi-ci

Duans cet éat, 500 encombrement est doac plus pesit que d.

De manidre cosnue, I'outil de forage 1 est fixé b 1'extrémité d'une tige
twbulsire 10, qui porte Jo motesr dentralpement (noa reprisent£) de I'outil en rotation, et
Lcs organes assurmat son déploiemest ou sa contraction radiale.

Comme oa l¢ verra plus loin, ia tige 10 25t montée A |"extrémité d"on tube
métallique spie A Stre enroulé sur un tambour récepteur disposé en surface, en e de
puits.

Dans un secoad éat de déploiement radial, illustré A la ligure 2, la partic
coapante 12 de I"outi] posside un diamiire de tavail sensiblement £gal 3 D.

"L'outil ayant 4 dencend axialemeat dans Je puits, & travers le wbage 2
ajlmmmwmud.éﬂdmnﬁdqmnwﬂmmﬁéa
I'intérieur de la portion €largie 20, On acticane aloes I°outil en romtion, Sout en poursui-
vant su descente comme illustré par la flache Fy A ks figure I.

On réalise ainsi b forage d*un trou cytindrique sa dismetre D, cosxial an
trongon 2, dans be prolongement de cxiui-ci, dans le sl B.

La profondeur de forage correspond A Ia longueur du trongon gue 1'0a
souhaile mettre en place.

L'outil 1 possdde des organes de cocpe additionnels 11 qui peuvent Stre
déployés mdialement & un dizmMyre supérieur A D, afin da pouvoir rocvoir Ia portion
élargie do tronpon A mettre e place.

Comme illustré  Ia figure 3, par remontée de outi] selon ¥,, on réalize
alnsi un Elargissement du trou 3 sur une cermine hauteur.

A la figure 4 on s désigné per1a référence 30 1a parci de la partie principale
du trow 3, parlasélérence 31 La paroi de 1a portion Gargie et per I rélérence 32 Ia portion
basze du trom, dont le dixmitre D estlo méme que celul de Is partie 30,

La préfonns 4 représentée schématiquement A 1a figure 5 est du mdme type
pfotnl que celle décrite en détail dans lo WO-A-S4/21B87 déjh cité.
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- Néanmoins, elle est dépourvue dans | partie basse d°un organe obturatrur
goaflable, du fait qu'on a ffaire & ua trou borgne ; de plus, 1a préforme 4 posside une
portion d"extrémits basse 40 de section Sargie.

La préforme 4 et supportée par une tige tabulaire 5 en acier. earcnlable
sur un tambour de stockage silué en surface, et qui permet de Ja faire descendrs &
1'intérieve du puits, et de lui fournir les Nuides de cimentation et de gonfiage, ainsd que
1*énergie électrique pour la polymérisation de la préforme, par I'intermédinirs d*un
dispositif ds raccordament 500 relié b ua conduit central (axiad) 50 disposé & I'intéeieur de
1a préfomme et se maccordant en partie basse de celle-cl A une tete de distribution S1.

Ce type do tigo d°acier enroulable est courammient dévignée dans le méter
par e terme angiads “COILED TUBING™ - e abrégé “C.T." -,

Comme cela et déerit dans le WO-A-94/21887 déjA cit4, 1a préforme et
obturée k ses extrémités haute et basse, de manitre danche, par des manchons amacha-
blos etiou découpsbles en fin d'opéntica.

La t8ts distributrice 51 possdde une double vaive 52, 53, actionnable
séectivement (depuis la suface).

Comme illustré aux figores 6 et 7, la valve 52 permet de distribuer un
fluide de ganflage A I'intérieur de la préforme (fidches I), tandis que ha valve 53 permet de
distribuer un ciment fiuide b la base de Ia préfonne, & 1'extéricur de celle-ci (liches J).

Comme ilusteé 3 1a figure 8, Ia préforme 4 - qui se trouve initialement A
1"¢mt rndialement rephié - est deacendue dans le troa 3 mxialement, du hant vers §s bas, A
travers l¢ trongon de chendsage 2 45k ea place.

Bico entendu, pour que occi s0it possible, il est nécessalre que V'eocom-
brement transversal de 1a prfonme repliée soit inféricur au diamitre interne de ks préfornme
déplide, qui comespood A cefui du tubage 2 d4ji en place.

Laorsque Ia préforme et replie sur cllo-meme, elle préscatc unc section ea
“U™ ou en forme d’cscarget - comme illustré per exermple aux figures €A ot 6B,
respectivement do document WO-A-94/725655 ; lorsqu®ello est déplide ello préseato une
section circutaire. ’

La préforms 4 est positionnée dany I trou 3 do telle manitro qua ss portion
d'extrémitd plus large 40 so trouve on regasd do §' Gargissement de puits 31 ; 1 longueur
du trou 3 est déterminde pour que, dans cette position, la portion supéricure do la
préforme s rouve en regard de I"dargissement 20 du tabage dé5A en place.

On procdde slors A 1 injection d'une dose de ciment liquide 62 labase do
préfocs, via ka valve 53 (fiches J, figure 93

Le ciment est choisi pour avoir une densité voisine - voire légirement
supérienrs - de celle de la bous liquide 7 se trouvant dana e puits.
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L*arrivée de ciment & Ia base e Ia peéformie chasse donc cetiz boue vers le
haut

Comme illusieé & la figure 10, on prockde ensuite au gonflage de la
préforme, en injectant un fluide sous pression A |°ip¥rieur de celle-ci, via Ia valve 52
(MchesT).

1 #"agit soit d'un liquide introduit de I"extérieur (depuis Ja tite de puits)
par Je conduit 5 dans la préforme, soit d”un liquide (eau, boue ou pétrole) présent dans le
puits &t pompé dans la préforme.

qudedegmﬂmeunmwdndmavurmmw
Mghremend supéricure h oxlle du ciment et de La bous entourant Ia priforme, sl biea que le
goaflage va so rmmmutdumvmlcmumqmbdud por les
fldches G hlafigum 10

A d&fuut, la progression du gonflage du bas vers le haut peut 8tre controiée
en prévoyant, le long de [a préforme, une série de bagues de contention frangibles, dont
Te senil de rupture est adapeé A ce sens de progression.

Le ciment est par conséquent refoulé également de bas en haut coaire Ia
parci du puits, comme symbolisé par i fidche H, tandis que Ia boue 7 se trouve chassée
vers ke haut

De préférence le volums de ciment périphérique n'est pas suffisant pour
attrindre Is partic haute de la préforme, de manidre A assurerune liaison sans cimest dans
1a z00¢ d¢ jonction entre les portions d’extrémité des deux trengons 2 et 4 (voir figore
11). .
De préfiéreace, ks priformo 4 potside voce parcd ca résine polymérisable &
chaud, prise en sandwich entre une peau intéricure ef uno pean extérieure €lastiques, ¢t
munie, cdtd intérieur, d'une réscrve contenant de 1a résine apie & migrer vess ’catéricur
pour [ormer des bourrelets annulaires favorisant I'ancrage et ' étanchéits dn ubage contre
la parci da puits,

Ump«mammmamnmumamrm
94 08691 déposte le 7 juillet 1994 par 1a demandcresse, ef dans son extension intema-
tioaie PCT/FR 9500502, . _

Ces verrous annulsires, épartis tout 1o long de la preéforme sont référencés
9 ; de préférence 1l est prévu une densité plus grande de verrous {c'est-h-dire un
écariement plus faible eatre les verrous) aux cxtrémités haute et basse de In préfonme, de
manitys & assurer une bonne étanchéité dans La linison bout-d-bout des différents
troagons. _
Le chauffage et la polymérisation de la préforme sont réalisés une fois Le
gonflage terminé, la pressica de gonflage étant maintenue A Pintérieur de la préfonne.
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A titre indicatif, la pression interne est do 1"ordre de 15 bazs.

uMap&hwﬁmepunnfdud!uinMMuanuide
Mll‘hﬂﬁm&llpﬁmﬁ!pﬂrl&ﬁmdﬁwm s0il encore -
do préférence - par efTet Joule, a3 moyen de résistances électriques (fils chauffants)
ﬁ:puéudmhprddchpﬁmewlpnﬂmi!dedl&d.udimhmm
wmhnaﬂnmuﬁp-wmﬂs ‘

A titre Indicatif, la température nécessaire A I pol ymérisation est de 1'ordre
de 1102 140°C, et 1a durée do cette Etape est de I'ordre de six & huit beares.

Lomgue la polymérisation des verrous 9 et dc Is parol de préforma est
terminée, o que 1o ciment 6 & (ait sa prise (figure 12), o retire I"outillage 500, 50, 51
(MRche K, figure 1J).

On instalie alors un outil de coupe (501) & I"extrémité du tube 5, ex 0a
découpe le manchon déanchéits de |'extrémit haute de 1a préforme (polymérisée) 4°
(figure 14), qu'on mTache amwuite. On optre de Ia mem¢t manitre pour le manchon
infésieur.

Ouobﬁent-!u:mnmqmthduninpligidefq\ﬁgolmpmﬁlb-
ment le tubsge précédent 2 (voir figure 15).

1."opération qui vient d"ttre décrite est biea sr réitérée, trongon apris
mma’muﬂmuﬁuwm& :

Dmmndedemwbledehptﬂmdb-damm
mmamamwalmammavmmmmm
épeismeur de I'ordre de 14mm ; Iés paux Intérieure et exiéricare, ea caoutchdoc
Mﬂmmmﬁmméﬂm&hmd&&nmm

Aﬂuiﬂwﬂ.hmﬂnnpdndplodehprﬁane4pmu'eu
mmmmmmal'mnxmammwmarma
184mm, tandis que 1a portion élargic 40 posside un diamdtre intéricur de 1"ordse de
188mm et un dismitre extérieur da I'ordre de 236mm.

lﬂptlﬁoumzuﬂalp\ﬂumtdadiamw'umymdcl'aﬂudu
197mm et de 244,5nm, respectivernent.

uumummmmmwmmwnﬁaue;;
Mﬁeﬁmiﬁiuﬁf.hmd'mwmwmalh&a&m

La figure lﬁmmpﬁurmwwnnmbladem
trongons 2A, 2B €1 2C sboutés et cimentés,

ungmnmwwmmmﬁmamaem
qm‘pumndemcnmlepw&umrhvm

Sur cette figure, s t2to de puits, iéférenoke 55, est &quipée d"une structure
ménllique (chissis) 100 entourant a thie de puits.
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Cette structere 100 porte u igjecteus 101 pourva d'un sabot d*appul 102,
et servant & supporter ¢4 ) pousser les différents matéricls lorsqu'ils sont descendus dans
Iep\iuwnﬁtbhedni-d:dlenmtll'lplombdel'wnhdnpdu

On n désigné par la référence 54 un tambour de stockage sur lequel est
earoulée la préfonme ; elle est supportée par un wagoanct. '

La référence 540 désigne un sabot de suppont et de guldage de la préforme
A{entrée du puits. :

Les rélérences 56 ¢t ST désignent des tambours sur lesquels sont earoulés
amwmum-cr.'(muwmsmas )

La tube 560 scst & supposter ot & déplacer 1'outil de forage ; le tubo 5
(mcdﬁldnmhwhpﬁmlmluﬂm&gmmpade
dmlhﬂm_dlhmimmamwwu
L'Eectriciié est foumie par un pénérateur Eectrique 58.

La référence 59 ddsigne une cabine de contrSle de I'opération.

De manidre classique, I’entrée du puits A forer est initialement garnis d'un
cuvelage 550. .

 Le trépan 1 et adapid A Pextrémité du tube 560, lequel est déroulé
mhwmlﬁwmﬁapﬁdepuleabmlnpdlpméwl%jm 101
(voic figure 18). ‘
' O procide alors au forage du trow, de forme éagée 3, dontind & recevoir
le premier trongan (figare 19).

Ap&minqpluedehpﬂm,dmuﬁmdminmmd.dd‘m
polymédsmtion in ity de celle-ci, via wn conducteur €lectrique B0 1elié su glaéaatear 58,
mmumuzm(w).umsmnmmvm::uw
54 (vide) sur laquelle it initialement stockée Ia peéfarme (Tigure 20). '

hﬂmcumM&MmMnmm

On défait =nsuilo les connexions hydralique et Acctrique avec la
wﬁmmimﬂeumﬂleammmmahm&pﬁnm
mamm&m&ﬁwmthmM(fmzn

Alf-idodal'wﬁldnmpoml.paﬁprlembes.umlﬂ
manchoos 4" &anchiité baut et bay (ligure 22).

L‘éupenﬁmml[auhmuﬂm.pmrobmhum
€ugé 3 prolongeant le trongon 2 (figure 23). :

Exsuite, on calibre les diambares et ca vésific 'alignement du trongon 2 €3
du trou 3, A I'aide d"un instrument spprogrié 1000 (igure24),

On met e piace uwe mouvelle préfone (ligure 25).
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On La fait descendre dans e puits, ¢t on la positioone convenablement dans
le trou 3. On la connecte au tube S, ef on prockde au gonflags, L Ia cimentation, et} la

potymérisation (ligure 26).

On retire le conduit central 50, qu'on remonte et qu'on earoule sur le

S tambour récepieur 54 (figures 27 et 28).
Ou suspend 1outil de coupe 501 au tube 3, ¢t on le desoend pour découper

les maanchons d'extrémité (figere 29).
Ou obtient sinsi deux trongons rigides sboutés 2A, 2B (figure 30).
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REYENDICATIONS

1. Proctdé pour forer ot chemiser un puits, notamment un puits de forage
péurolier, au moyen d’ua easemble de trongons tubulaires - ou préformes - similaires,
initialement souples, aptes A &re replifes Joogitudinalement sur elles-mémes pour fre
introduites dans ie puits, puis & &tre déplides radialement sous 1"effet d'une pression
interne pour preadre une forme cylindrique, et enfin A 8ue rigidifides jn sty par polyméi-
sation de levr peroi, I'encombrement transversal d'une préforme replide étant de
dimension maximale seasiblement inférieurs i son diamdtre interne b I'éat dépli€, ot
lesdites préformes (4) possédant une portion d"extrémité (AQ) doat le dismbtre - spriy
Am-mwmluﬂddﬂm&hpﬁqu\ﬂmw
jonction bout-i-bout par embotiement avec recouvrement de Jadite portion d'extrémité
(40), carnctérisé par le fait que, un premies trongon (2) aysnt €14 mis en place du cOté de
|"entréc du puits, sa portion d'extrémité Qargic (40) toumée vers Je bas, '

#) on fait passer axialement, de haut en bws A tavers ledit trongon (2), un

- outil de forage (1), &t 0o fors au-dessous et dans le prolongement de ce troogon (2) un

trou (3) de forme et de profondeur adaptées pour recevoir Je trongon suivaat ;

b) on retire *outil de fomge (1) ;

c) on introduit une préforme (4), & 1'&at replié, A I'intérieur du puitscn la
faizant travecser le troagoo (2) déjh en place, et on la positionne coavenablement &
Pintéricur du trou (3), sa portion d’extrémité haute vegant sc placer b |'intérieur de la
porticn d"extrémisd @srgie (40) du trongoa (2) ;

d) ca intmoduit un ciment Muide {5) au fond du trou (3), sutour do la
portion d’extrémité basse de la préforme ; .

 c) on introduit un fluide sous pression (B), de densité supéricure b In
densité du ciment (6), A V'intéricur de Ia préfome (4) afin de Ia déplier mdialement,
progressivement de bas en hat, en refoulant le ciment, également de bas es bt autour
de la préforme, contre Ia paroi du trou (3) ;

[} tout en maintenant Ia préforne sous pressioa interne, oa en chaulle la
paroi pour la polymériser |

g) le ciment ayant pris, et Ia préforme ayant durci pour constituer un
hwpmm“ﬁpjgsduchednpumonmﬁnmlswﬂhanmmﬁ
2u gouflage et i Ia polymérisation de Ia préfonme, ainsi qu'h la distribution do ciment ;

h) on réitdre I"opémation pour les trongoas suivants, jusqu’h obtenit la
longueur de puits chemisé soukaitée.

2. Proo&dé selon revendication 1, carnctfrisé par le fait quon utilise un
outil de forage (1) du geare trépan, apte & occuper sélectivement trois éats de contraction
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radiale, A savoir un premier état d'encombrement mipimal, Jui permettant de passer &
Vinsérieur du trongon (2) déjh en place, un second état, d’escombrement intermédiaire,
pour fe forage de 1a partic principale (30) du trou (3) et un troisidme éiat, d'encombrement
maximal, pour le forage de In partie (31) du trou (3) destinée A recevoir Ia portion Gargie
de I préforme (4).

3. Procédé selon la revendication 1 ou 2, caractérisé par le fail que ledit
outillage comprend une ke (S1) & double valve (52, 53) placée ta partie besse de Iz
préforme (4), et apte & distriboer sélectiverest un fTuide de gonflage (8) A l'intéricur de la
préforme (4) et un dment Rlulde (7) A I'extéricur de cello-ci.

4. Instaltation de forage of do chemisage, destinde b Ja mise ea ceuvre du
procédé selon 1'une des revendications 1 4 3, canactérisée pas e fait qu’elle comprend, en

. Wedupuits;

- une bobine (54) de stockage et de réception, A 1'éint enronlé, de Iadite
prifonme (4) ; o | :
- une tBte {101) surplombent I’entrée (55) du puits, apie & permenre te
guidage et I'introduction dans le puits de [a préforme (4) et des différents outillages
servant an forage du puits sinsd qu'su goafage et A la polymérisation de la préfome |

- des bobines (56, 5T) do stockage A 1'éat enrouié de tubes métalliques

" Elagtiquemnent déformables (560, 5) aptes A faire descéndre et remonter leadits outilinges

dans le puits, ('un (5) de ces tubes cootenant un cdble servant A I"alimentation de la
peéfonmne en coursat @ectriqua ; :
- vn généemtour de counant ectrique (57).
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57. According to the invention, the lining of the well
Is accomplished by means of several preforms (4)
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descend through the section (2) already in place;
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PROCEDURE AND INSTALLATION FOR DRILLING AND LINING A WELL,
PARTICULARLY OIL WELL DRILLING, BY MEANS OF INITIALLY
FLEXIBLE, ABUTTED TUBULAR SECTIONS, AND HARDENED IV SITU.

The present invention concems a process for drilling and lining a well,

particularly oil well drilling, by means of a set of tubular sections——or preforms—that are similar,

‘initially flexible, suitable for being folded longitudinally back on themsclves in order to be

inserted into the well, then radially unfolded under the effect of an internal pressure in order to -

take a cylindrical shape, and finally to be hardened in situ by polymerization of their walls, the
maximum dimension of the overall transverse dimensions of a folded preform being substantially

less at its inside diameter when unfolded, and said preforms having an end portion the diameter of
which—after uﬁfoldjng—is slightly greater than that of the preform, which makes it possible for
them to be joined end-to-end by nesting, with overlapping of said end portion.

Thus, by using this type of preform, which is known, particularly through
document WO-A-94/21887, a lining can be obtained with constant diameter for the whole length
of the well.

In this regard, it should be remembered that with traditional linings (or well
casings) composed of steel pipe, telescopic tubular sections have to be used, with diameter
decreasing toward the bottom of the well, Which poses problems of installation and subsequent
opc'ration- of the well. .
The objective of the invention is to propose a process of drilling and lining th;:
well, using preforms of the type mentionéd above, which process can be implemented easily and
quickly, at low cost. |

To accomplish this, and 5ccording to the invention, a first section is put in place
at the well head, the enlarged end portion of this section being turned downward.

The process according to thé invention includes the following steps:

a) a drill tool is passed axially downward through said section, and a hole is
bored with a shape and depth suitable for receiving the next section, beneath and as an extension
of this section;

b) the drill tool is removed;

¢) a preform, in folded form, is inserted inside the well, causing it to pass through
the section already in place, and it is suitably positioned inside the hole, its top end being placed
inside the enlarged end of the section;

U
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d) a fluid cement is introduced at the bottorn of the hole, around the lower end of
the preform; » .
¢) a fluid with a density greater than the density of the cement is introduced
under pressure, inside the preform in order to open it out radially, progressively from bottom to
top, by forcing the cement, also from bottom to top, around the preform, against the wall of the

hole;
f) while keeping the preform under internal pressure, the wall thereof is heated to

g) when the cement has set and the preform has hardened to constitute a rigid
tubutar section of lining, the tools that were used for inflation and polymerization of the preform,
as well as the distribution of the-cement, arc withdrawn; '

h) the operation is repeated for the subsequent sections, until the desired depth of
the lined well is obtained. '

When, as will be explained further on, the preform has resin reserves that can

migrate toward the exterior to form ring-shaped seal interlocks; these interlocks are put in
position at the beginning of step f) above.
: In one particularly advantageous way, a drill bit is used that can §e]ecﬁvely have
three conditions of radial contraction, the first condition being of minimal size, allowing it to pass
through the interior of the section already in place, a second condition of intermediate size for
drilling the main part of the hole, and a third condition of maximum size for drilling the part of
the hole intended to receive the enlarged portion of the preform.

In one preferred embodiment, the tool used to inflatc and polymerize the
preform, as well as to distribute the cement, comprises a head with a double valve placed at the
lower part of the preform, and suitable for selectively distributing an inflating fluid inside the
preform and a fluid cement outside it. '

The drilling and lining installation, which is also a part of the present invention
and is used to implement this process, is notable in that it compriscs, at the well head:

- a spool for storing and receiving the preform, in coiled form;

- a head that hangs over the entry to the well, suitable for allowing the preform
and the various tools for drilling, as well as for the inflation and polymerizaticn of the preform, to

be guided and inserted into the well;
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- spools for storing elastically deformable metal pipe in coiled form, suitable for
lowering and raising said tools in the well, with one of these pipes containing a wire used to
provide the preform with electrical current;

- an electric current generator. -

Other characteristics and advantages of the invention will appear from the
description and appended drawings which represent, by way of non-limiting example, one
preferred embodiment, as well as the corresponding installation.

In these drawings:

- figures ‘1 to 4 are diagrammatic views, in axial cross section, showing the
various stages of the drilling operation in the part of the well that receives the preform;

- figure 5 is a diagrammatic view of a preform and of the tooling to which it is
attached, before being placed in the well;

- figures 6 and. 7 are partial view of the lower end of the preform, intended to
illustrate the principle of the double valve with which the tool head is fitted;

- figures 8 to 15 illustrate the different steps to install a preform at the end of 2
section already in place;

- - figure 16 diagrammatically represents, in axial cross section, a well lined with
three coaxially abutted sections; '
' - figure 17 is a diagrammatical view showing the different materials that
comprise the installation, located at the surface (well head);

- figures 18 to 30—on a smaller scale—illustrate the operation of the installation

- during the different steps of the lining process.

Figure 1 represents the lower end of a vertical well bemg bored and lined. This
well, incompletcly drilled, has a lining already in place in the form of a rigid cylindrical pipe 2
having one enlarged lower end 20. :

The diameter D of this part 20 is slightly larger than the diameter d of the main
part 2, so the sections 2 can be nested together with overlapping of the end parts 20.

The lining section 2 is sealed in the well by a peripheral cement 200.

We shall now describe how the next section, intended to abut the section 2, will

be installed with the aid of the process; according to the invention.
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To do this, as illustrated in figures 1 to 4, a hole intended to receive this section is
drilled.

For this purpose, a drill bit 1 is used, which has the special feature of being able
to be radially expanded or retracted in three configurations of different overall dimensions.

In a first condition, illustrated in figure 1, the tool is fully retracted so that its
largest transversal dimension allows it to pass freely inside the section 2.

In this condition, its overall dimension is therefore smaller than D.

In a known way, the drilling tool 1 is attached to the end of a tubular shank 10,
which carries the motor (not shown) to drive the tool in rotation, and the components that provide.
for its radial deployment or contraction.

As will be seen further on, the shank 10 is mounted on the end of a metal tube
suitable for being coiled onto a receiving drum placed on the surface at the well head.

In a second condition of radial deployment, illustrated in figure 2, the cutting part

" 12 of the tool has a working diameter substantially equal to D.

‘When the tool has been axially lowered into the well through the casing 2 already
in place, it is radially deployed to the diameter D when it reaches the inside of the enlarged
portion 20. Tl;le tool is then caused to rotate while continuing its descent as illustrated by the
arrow Fy in figure 1.

A cylindrical hole with the diameter D, coaxial to the section 2, is thus drilled in
the ground S.

The drilling depth corresponds to the length of the section to be installed.

The tool 1 has additional cutting devices 11 that can be radially deployed to a
diameter greater than D, in order to be able to receive the enlarged portion of the section the be
put in place: . )
As illustrated in figure 3, by raising the tool in the direction F;, the hole 3 is
enlarged for a certain distance.

In figure 4, reference 30 designates the wall of the main part of the hole 3,
reference 31 the wall of the expanded portion, and reference 32 the bottom of the hole the
diameter D of which is the same as that of 30. :

The preform 4, represented diagrammatically in figure 5, is of the same general
type described in detail in WQO-A-94/21887 cited above,
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However, because this is a blind hole, the preform has no inflatable plug at its

bottom; moreover, the preform 4 has a lower end 40 with expanded cross section.
The preform 4 is supported by steel tubing 5 that can be coiled onto a storage

"drum located at the surface, which makes it possible to lower the preform into the well and to

supply the cementation and inflation fluids, as well as the electrical energy for the polymerization

of the preform, by means of a connection device 500 connected to a central conduit (axial) 50

" "arranged inside the preform and commecting at the bottom thereof to a distribution head 51.

This type of steel tubing which can be formed into coils is currently known in the
art by the English term “COILED TUBING,” abbreviated “C.T.”

Like the one cited in W0O-A-94/21887 already cited, the preform is plugged and
sealed at its upper and lower ends by sleeves that can be torn off or cut off at the end of the
operation.

The distribution head 51 has a double valve 52, 53 that can be selectively

‘activated (from the surface).

- As illustrated in figures 6 and 7, the valve 52 allows an inflation fluid to be
distributed inside the preform (arrows I), while the valve 53 allows a fluid cement to be
distributed at the base of the preform; outside of it (arrows J).

As illustrated in figure 8, the preform 4—which is initially radially folded—is
lowered axially into the hole 3, from top to bottom, through the section of lim'né 2 already in

Pplace.
For this to be possible, of course, the transverse size of the folded preform must -

be smaller than the inside diameter of the unfolded preform, which corresponds to that of the
casing 2 already in place

‘When the preform is folded onto itself, it has a U-shaped or spiral cross section,
as illustrated “for example in figures 6A and 6B, respectively, of document WQ-A-94/25655;
when it is unfolded, it has a circular cross section. :

The preform 4 is positioned in the hole 3 so that its:larger end 40 is facing the
enlarged portion 31 of the well; the length of the hole 3 is determined so that, in this position, the
upper portion of the preform is facing the widened part 20 of the casing already in place.

A dose of liquid cement 6 is then injected at the base of the preform through the
valve 53 (arrows J, figure 9).

The cement is selected to have a density close to—even slightly greater than—

" that of the liquid mud 7 found in the well.
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When this cement arrives at the base of the preform, it forces the mud toward the
top.
' As illustrated in figure 10, the preform is then inflated by injecting a fluid under

pressure into it, through the valve 52 (arrows I).
This can be either a liquid introduced from the outside (from the well head)

through the conduit 5 in the preform, or a liquid {water, mud or oil) already present in the well

and pumped into the preform.
The inflating liquid is advantageously selected to have a density slightly greater

"than that of the cement and mud surrounding the preform, so that the inflation occurs
progressively from the bottom toward the top, as symbolized by the arrows H in figure 10.

If not, the progress of the inflation from bottom to top can be controlled by
providing a series of frangible containing rings that have a breaking point suitable for this
direction of progression.

The cement is therefore also forced from bottom to toﬁ against the wall of the
well, as symbolized by the arrow H, while the mud 7 is forced upward.

Preferably, there is not enough volume of peripheral cement to reach the top of
the preform, in or_dér to ensure a bonding without cement at the area of juncture between the end
portions of the two sections 2 and 4 (see figure 11).

Preferably, preform 4 has a resin wall that can be heat polymerized sandwiched
between elastic internal and external skins, and provided, on the inner side, with a reserve

containing resin that can migrate toward the outside to form ring-shaped flanges that help to

- anchor and seal the casing against the wall of the well.

A preform of this type is described in the French patent apphcatxon 94 08691

filed by the apphcant on July 7, 1994, and in its international extension PCT/FR 95/00902.

These ring-shaped interlocks, distributed along the preform, are referenced as 9.
Preferably, the interlocks are higher in density (i.., smaller separation between the interlocks) at
the upper and lower ends of the preform, in order to ensure a good seal in the end-to-end
comnection of the different sections.

The heating and. polymerization of the preform are donc once the inflation is

completed, the inflation pressure being maintained inside the preform.
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By way of example, the internal pressure is approximately 15 bars. .

The preform can be heated by introducing a hot fluid inside it, or by exothermal
chemical reaction, or preferably by induction, using electrical resistances (heating elements)
arranged in the wall of the preform or in the proximity thereof, and supplied with electrical
current from the well head via the coiled tubing 5.

By way of example, the temperature needed for polymerization is approximately

- 110° to 140°C, and the length of this stage is approximately six to eight hours.

‘When the polymerization of.the interlocks 9 and the preform wall'is completed,

* and the cement 6 has set (figure 12), the tools 500, 50, 51 (arrow K, figure 13), are removed.

A cutting tool (501) is then installed at the end of the tubing 5, and the sealing
sleeve at the upper end of the preform (polymerized) 4’ (figure 14), is cut off and removed. The

" lower sleeve is removed in the same way.

A section of lining 4° is thus obtained, which coaxially extends the preceding
casing 2 (see figure 15). -

The operation that has just been described is of course repeated, scction after
section, in order to obtain the desired depth of lined well,

In one imssible embodiment of the preform, it has a core composed of 30%
epoxy resin and 70% fiberglass, this corc having a thickness of about 14 mm,; the internal and -

" external skin of synthetic rubber have a thickness of about 2 mm and 6 mm, respectively.

By way of example, the main portion of the preform 4 has, when unfolded, an
inside diameter of about 140 mm and an outside diameter of about 184 mm, while the expanded

portion 40 has an inside diameter of about 188 mm and an outside diameter of about 236 mm.

The portions 30-32 and 31 of the well have average diameters of about 197 mm

:and 244.5 mm, respectively.

The length of the different sections can obviously vary greatly; by way of
example only, the length of a preform can be approximately 500 m.
Figure 16 represents a well P lined with an assembly of three sections 2A, 2B

and 2C, abutted and cemented.
Figure 17 diagrammatically represents a well head installation that allows the

N

process according to the invention to be implemented.
In this figure, the welihead, reference 55, is equipped with a metal structure
{frame) 100 surrounding the well head.
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This structure 100 carries an injector 101 furnished with a-drag brake 102, used
to hold and push the different materials when they are lowered into the well or pulled out of it; it
is in line with the entry to the well,

The reference 54 designates a storage drum on which the preform is coiled; it is

mounted on a tramcar.
The reference 540 designates a support and guide plate for the preform at the

entry to the well.
The references 56 'and 57 designate drums on which the C.T. (coiled tubing) 560

and 5 are coiled and stored, respectively.

* The tubing 560 is used to hold and move the drill tool; the tubing 5 (as a]ready
mentioned) holds the preform, feeds the inflating and- cementing fluids to the preform, and
connects it to a source of electrical current (for the polymerization).

The clectricity is furnished by an electric generator 58.

The reference 59 designates a control cabin for the operation.

The entry to the well to be drilled is initially fumisfxcd in the conventional way

with a casing 550.
* The drill blt 1 is fitted to the end of the tubing 560, which is uncoiled from the

receiving drum 56, supported and guided by the plate 102, then pushed by the injector 101 (see ,

figure 18).- .
Drilling then proceeds to the multistage hole 3, which is to receive the first
section (figure 19). :

After the preform is put in place, cemented and inflated, and when it has been

polymerized in_situ via an electrical conductor 580 connected to the generator 58, the central .
conduit (50) and the tubing 5 to which it is attached are removed, coiling it onto the drum 54.

(empty) on which the preform was initially stored (figure 20).

The preform is abutted against and sealed to the casing 550.

The hydraulic and electrical connections to the. preform are then dlsconncctcd,
and an appropriate safety device A is installed and sealed around the well head by a conventional
technique (figure 21).

Using a cutting tool 501 carried by the tubing. 5, the top and bottom sealing

slecves are cut off (figure 22).
The next step consists of drilling the next section to obtain-a multistage hole 3

extending the section 2 (figure 23).



2741907

9

Neﬁct, the diameters are measured and the alignment of the section 2 and the hole
3 are verified using an appropriate instrument 1000 (figure 24).

A new preform is then put in place (figure 25).

It is lowered into the well and suitably positioned in the hole 3. It is then
connected to the tubing 5, after which it is inflated, cemented and polymerized (figure 26).

_ The central conduit 50 is removed by raising and coiling it onto the receiving

drum 54 (figures 27 and 28).

The"cutting tool 501 is suspended from the tubing 5 and lowered to cut the end

steeves (figure 29).
Two rigid, abutted sections2A, 2B are thus obtained (figure 30).
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CLAIMS

1. Process for drilling and lining a well, particularly oil well drilling, by means
of a set of tubular sections—or preforms—that are similar, initially flexible, suitable for being
folded longitudinally back on themselves in order to be inserted into the well, then radially
uhfoldcd under the effect of an internal ﬁrcssure in order to take a cylindrical shape, and finally to

be hardened in sity by polymerization of their walls, the maximum dimension of the overall
transverse dimensions of a fo]dc;i preform being substantially less at its inside diameter when
unfolded, and said preforms (4) having an end portion (40) the diameter of which—after
unfolding—is slightly greater than that of the preform, which makes it possible for them to be
joined end-to-end by nesting, with overlapping of said end portion (40),.characteﬁzed by the f:\xct
that a first section (2) having been put in place from the enﬁy of the well, its enlarged end portion
(40) turned downward,

a) a drill tool (1) is passed axially downward through said section (2), and a hole
(3) is bored with a shape and depth suitable for :-'eceiving the next section, beneath and as an
extension of this section (2); '

b) the drill tool (1) is removed;

¢) a preform (4), in folded form, is inserted inside the well, causing it to pass
through the section (2) already in place, and it is suitably positioned inside the hole (3), its top
end being placed inside the enlarged end (40) of the section (2);

d) a fluid cement (6) is introduced at the bottom of the hole (3), around the lower
end of the preform; T
e) a fluid (8) with a density greater than the density of the cement (6) is
introduced under pressure, inside the preform (4) in order to open it out radially, progressively
from bottom to top, by forcing the cement, also from bottom to top, around the preform, against .
the wall of the hole (3),

f) while kecping the preform under internal pfeséure, the wall thereof is heated
to polymerize it;

g) when the cement has set and the preform has hardencd to constitute a rigid
tubular section of lining (4'), the tools that were used for inflation and polymerization of the
preform, as well as the distribution of the cement, are withdrawn; _

h) the operation is repeated for the subsequent sections, until the desired depth of
the lined well is obtained.
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2. Process according to claim 1, characterized by the fact that a drill bit (1) is
used that can selectively have three conditions of radial contraction, the first condition being of

minimal size, allowing it to pass through the interior of the section (2) already in place, a second

_condition of intermediate size for drilling the main part (30) of the hole (3), and a third condition

of maximal size for drilling the part (31) of the hole (3) intended to receive the enlarged portion
of the preform (4).

3. Process according to claim 1 or 2, characterized by the fact that said tool
comprises a head (51) with a double valve (52, 53) placed at the lower part of the preform (.4),
and suitable for selectively distributing an inflating fluid (8) inside the preform (4) and a fluid
cement (7) [sic] outside it. ' .

4. Drilling and lining installation, used to implement the process accerding to
any of claims 1 to 3, chmcteﬁzed by the fact that it comprises, at the well head: l

- a spool (54) for storing and receiving the said preform (4), in coiled form;

- ahead (101) that hangs over the entry (55) to the well, suitable for allowing the
preform (4) and the various fools for drilling, as well as for the inflation and polymerization of the

preform, to be guided and inserted into the well;
- spools (56, 57) for storing elastically deformable metal pipe in coiled form

(560, 5), suitable for lowering and raising said tools in the well, with one (5} of these pipes

containing a wire used to provide the preform with electrical current,

- an electric current generator (59).



i

é

—

m TRANSPERFECT! TRANSLATIONS

AFFIDAVIT OF ACCURACY

1, Kim Stewart, hereby certify that the following is, to the best of my knowledge
and belief, a true and accurate translation performed by professional translators of
Patent 2 741 907 from French to English.

'/;W?’:’ £ /7-’//5; ///?ZL

Kim Stewart -
. TransPerfect Translations, Inc.
ATLANTA .
BOSTON 3600 Onc_ Houston Center
BRUSSELS 1221 McKinney
CHICAGo Houston, TX 77010
DaLLAS
DETROIT
FRANKFURT
HOUSTON ;
LONDON Sworn to before me this
LOS ANGELES
MM 9th day of October 2001.

S, MINNEAPOLIS

PHILADELPHIA
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SAH DILGO Signature, Notary Public
SAN FRANCISCC A
. StATTLE 1 CFFICIAL SEAL
WASHINGTON. OC 1 MARIA A. SERNA
NOTARY PUBLIC
it wii fof the Stats of Taxas
My comericsion oxpirss 03-22.2003
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Stamp, Notary Public
Harris County
Houston, TX
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